This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

. • ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct Images, 
please do not report the images to the 
Image Problem Mailbox. 



Europaisches Patentamt 
(19) ^ff" European Patent Office 





Offic uropten des br v ts Publication number : 0 625 425 A2 

EUROPEAN PATENT APPLICATION 



(|T) Application number : 94303493.4 
@ Date of filing : 16.05.94 



(g)lnt. CL^: B41J 2/36 



@) Priority : 17.05.93 KR 9308418 

@ Date of publication of application : 
23.11.94 Bulletin 94/47 

@ Designated Contracting States : 
DE GB 

(71) Applicant : SAMSUNG ELECTRONICS CO., 
LTD. 

416 Maetan-Dong, 
Kwonsun-Gu 

Suwon-City, Kyounggi-Do 441-370 (KR) 



(72) inventor : Park, Sang-Sin 
103-1102 Sinbanpo Apt, 
Ingye-Dong, 
Paldal-Gu 

Suwon-City, Kyungki-Do (KR) 

@ Representative : Neill, Alastair William et ai 
APPLEYARD LEES 
15 Clare Road 

Halifax. Yorkshire HX1 2HY (GB) 



(S) Thermal printer and printing method thereof. 



to 

CM 

ID 
CM 
CO 



Q. 

LU 



@ The invention provides a thermal printer 
which includes a dot number computing mem- 
ory (152, 252) for detecting the number of dots 
which are simultaneously heated according to 
gradation by receiving image data in line units, 
a dot number computing controller (153, 253), a 
themnistor for detecting the temperature of a 
thenmal print head (TPH), and a conrector (154, 
156, 255) for controlling the TPH to emit heat by 
gradation with a substantially constant energy 
by varying the pulse width of a strobe signal 
depending on the detected number of simul- 
taneous heated-by-gradation dots and tempera- 
ture of the thenmal print head (TPH). and a 
printing method thereof. Picture quality is im- 
proved by compensating a picture quality de- 
terioration due to the TPH common drop and a 
temperature characteristic, by varying a heating 
period of the TPH. 
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Background of the Invention 

The present invention relates to a thermal printer 
and printing method thereof, and more particularly 
(though not exclusively), to a thermal printer for com- 
pensating for a picture quality deterioration due to a 
common drop and a temperature characteristic of a 
thenmal print head, and printing method thereof. 

In general, examples of an apparatus for printing 
using a thenmal print head (TPH) are a thenmal printer, 
a colour copier, a facsimile, etc. Among these, a sub- 
limation-type thermal printer prints a desired image 
or picture according to the transfer amount of dye on 
a sheet of recording paper, by applying energy to the 
TPH and sublimating the dye of a dye-deposited film 
by the energy emitted from the TPH. 

A conventional thermal printer stores one frame 
of Image data to be printed in its frame memory 10, 
as shown in FIG. 1. 

When printing starts, the frame memory 10 
transfers one line of the Image data to be printed to a 
line memory 20 and a first selection contact point aO 
of a controlling switch 51, at the same time. 

The one line of image data to be printed is syn- 
chronized with the clock generated in a clock gener- 
ator 31 and stored in the line memory 20 according to 
the address generated in an address counter 32. Gra- 
dation counter 33 generates gradation data having a 
value of 0-255, given that the image data is expressed 
in eight-bit form, and outputs as an input signal of a 
comparator 34. 

When data is read from line memory 20 and ac- 
tually printed in TPH 40, the data is printed according 
to gradation. For example, if image data consists of 
eight bits, gradation levels represented as values 
from 0 to 255 can be indicated and TPH 40 prints 255 
times, from gradation 1 to gradation 255, with respect 
to each pixel. 

The gradation counter 33 increases the counter 
values from 1 to 255. Then, the output of gradation 
counter 33 and the eight bit image data of line mem- 
ory 20 are compared with respect to their gradations, 
in the comparator 34. As the result thereof, the output 
of comparator 34 becomes "high" or "low," thereby de- 
termining whether the dots of TPH 40 are to emit heat 
or not 

Meanwhile, controlling switch 51, dot number 
computing memory 52, dot number computing con- 
troller 53, common drop correcting ROM 54, and 
strobe signal generator 55 constitute a common drop 
conrecting unit 50 for compensating picture quality 
deterioration due to a common drop of TPH 40. 

Analog-to-digital converter 61, temperature cor- 
recting ROM 62, and power source 63 composed of 
a switching mode power supply (SMPS) and a d toot- 
ing temperature thermistor (neither being shown in 
detail) attached to the back side of th heating ele- 
ment substrate 2 (see FIG.2) of TPH 40 constitute a 



temperature correcting unit 60 for compensating for 
picture quality deterioration due to TPH temperature 
change. 

Here, the common drop of TPH means a gener- 
5 ation of a voltage drop due to the parasitic resistance 
components present within the TPH 40. If the energy 
applied to the dots of the TPH 40 is varied by the vol- 
tage drop, a picture quality deterioration is generated, 
in other words, assuming that reference letter V 
10 represents the voltage applied to the respective heat 
elements and reference letter T represents applying 
time, the applied energy E can be expressed in the 
following equation. 

E=T/Vi\ 



The common drop phenomenon has a character- 
istic in that the value of the voltage drop is nearly pro- 
portional to the number of the simultaneously heated 

20 dots in one line of TPH 40; that is to say, the higher 
the number of the simultaneously heated dots, the 
greater the voltage drop within TPH 40. Accordingly, 
the energy applied to the dots of TPH 40 becomes 
smaller in effect, and thereby the printing density is 

25 lowered, such that printing is performed more dimly 
than when fewer simultaneously heated dots are 
present Common drop correcting unit 50 corrects the 
picture quality deterioration due to the common drop, 
by adjusting the heating period of a strobe signal, 

30 which uses the above proportionate relationship be- 
tween the common drop and the number of the simul- 
taneously heated dots. 

Meanwhile, TPH 40 performs printing by convert- 
ing electrical energy into thermal energy through a re- 

35 sistance. Even if the same amount of electrical ener- 
gy is applied, since the heat actually generated in the 
respective dots of TPH 40 varies with ambient tenv 
perature fluctuations and with a heat accumulation 
phenomenon occunring in the thermal print head, the 

40 printing density is varied. To correct the picture qual- 
ity deterioration due to TPH 40 temperature changes, 
a thermistor is installed on the back side of the heat 
element substrate of TPH 40 to detect the tempera- 
ture of TPH 40. The detected temperature therein is 

45 converted to digital temperature data in analog-to- 
digital converter 61. The compensated data conre- 
sponding to the present detected temperature of TPH 
40 is stored in the temperature correcting ROM 62. 
Thereafter, the SMPS of power source 63 changes 

50 the voltage applied to TPH 40 according to the stored 
temperature data and thereby changes the applied 
energy of TPH 40. 

In other words, the SMPS changes the voltage 
applied to TPH 40 according to the input temperature 

55 data. For example, the picture quality deterioration 
due to the t mperature chang is prevented by low- 
ering the voltage if the temperature is high, or increas- 
ing the voltage if the temperature is low. 
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However, the temperature correcting unit 60 for 
correcting the TPH temperature requires a controlling 
circuit which can change the voltage according to the 
temperature data Input to the SMPS of power source 
63 and further requires a connector for transmitting 
the temperature data. 

Summary of the invention 

According to the present invention, there is pro- 
vided a thermal printer wherein printing is performed 
by a thermal print head (TPH) after an image data gra- 
dation value is compared with a preset gradation val- 
ue in line units, the thermal printer comprising: 

first detecting means for detecting the number 
of dots which are simultaneously heated according to 
gradation, by receiving said image data in line units; 

second detecting means for detecting the tem- 
perature of said TPH; and 

correcting means for controlling said TPH to 
emit heat with a substantially constant energy accord- 
ing to gradation, by varying a heating period accord- 
ing to the simultaneous-heated-by-gradatlon dot 
number detected from said first detecting means and 
said TPH detected from said second detecting 
means. 

According to the present invention, there is also 
provided a thermal printer comprising means for re- 
ceived an image signal, and a print control circuit for 
printing by a thermal print head (TPH) after the gra- 
dation values of the received image signals are com- 
pared with a preset gradation value in line units, 
wherein said print control circuit comprises: 

a line memory in which the received Image sig- 
nals are stored in line units; 

a TPH controlling unit for transmitting the gra- 
dation-compared Image signals to said TPH as heat- 
ing data after the gradation values of said image sig- 
nals stored in said line memory are compared with a 
preset gradation value; 

first correcting means for outputting a first 
strobe signal which controls a heating period of said 
TPH depending on the detected number of dots which 
are simultaneously heated according to gradation, by 
detecting the number of simultaneous heated-by-gra- 
datlon dots by receiving said data in line units; 

second correcting means for outputting a sec- 
ond strobe signal which controls a heating period of 
said TPH depending on the detected temperature, by 
detecting the temperature of said TPH; 

adding means for adding said first strobe sig- 
nal output from said first correcting means to said 
second strobe signal output from said second cor- 
recting means; and 

heating time controlling means for outputting 
to said TPH a strobe signal whose pulse width is var- 
ied by varying the pulse width of said strobe signal de- 
pending on the sum data of said adding means. 



According to the present invention, there is also 
provided a thermal printer comprising means for re- 
ceiving an image signal, and a print control circuit for 
printing by a thermal print head (TPH) after the gra- 

5 dation values of the received image signals are com- 
pared with a preset gradation value in line units, 
wherein said print control circuit comprises: 

a line memory in which the received image sig- 
nals are stored in line units; 

10 a TPH controlling unit for transmitting the gra- 

dation-compared image signals to said TPH as heat- 
ing data after the gradation values of said Image sig- 
nals stored in said line memory are compared with a 
preset gradation value; 

f 5 first detecting means for detecting the number 

of dots which are simultaneously heated according to 
gradation, by receiving said one line image data; 

second detecting means for detecting the tem- 
perature of said TPH; 

20 a common drop and temperature correcting 

memory in which a strobe data which controls heating 
time according to the data output from said first and 
second detecting means is stored; and 

heating time controlling means for controlling 

25 heating time according to the strobe data output from 
said common drop and temperature correcting mem- 
ory. 

The Image signal receiving means may comprise 
a processing circuit for converting the image signals 
30 input from a signal input source into red, green and 
blue signals, and an image display circuit for display- 
ing the signals processed in said image signal proc- 
essing circuit. 

An advantage of the present invention Is that it 
35 provides a printing method suitable for use with the 
above thermal printer. 

According to the present invention, there is pro- 
vided a method for printing by a thermal print head 
(TPH), comprising the steps of: 
40 firstly storing Image data in screen units; 

secondly storing data in line units by reading 
the data stored In said first storing step; 

firstly detecting the number of dots which are 
simultaneously heated according to gradation, by re- 
45 ceiving the data stored in said second storing step, in 
line units; 

secondly detecting the temperature of said 

TPH; 

generating a strobe signal for controlling said 
50 TPH to emit heat with a substantially constant energy 
according to gradation, by varying the pulse width of 
the strobe signal according to the simultaneous-heat- 
ed-by-gradation dot number detected in said first de- 
tecting step and said TPH temperature detected in 
55 said second detecting step; and 

controlling said TPH to print for the period of 
the pulse width of the strobe signal generated in said 
strobe signal generating step after the gradation val- 
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ue of one line image data is compared with a preset 
gradation value, in line units. 

An advantage of the present invention is that it 
provides a thermal printer which conrects the temper- 
ature of the thermal print head, not by varying the vol- 
tage of a switching mode power supply but by adjust- 
ing the heating period of the thermal print head, as in 
common drop correction, and also provides a printing 
method thereof. 

Another advantage of the present Invention is 
that it provides a thermal printer which corrects com- 
mon drop and temperature, by apportioning the heat- 
ing period of the TPH to a common-drop-correction 
heating period and a temperature-correction heating 
period, and also provides a printing method thereof. 

Still another advantage of the present invention 
is that it provides a thermal printer which conrects 
common drop and temperature by adjusting the heat- 
ing period using a single ROM for both common drop 
and temperature correction, and also provides a print- 
ing method thereof. 

Brief Description of the Drawings 

The above objects and other advantages of the 
present invention will become more apparent by de- 
scribing in detail a preferred embodiment thereof, by 
way of example only, with reference to the attached 
drawings in which: 

FIG.1 is a block diagram of a conventional ther- 
mal printer; 

FIG.2 is a schematic diagram showing a thermis- 
tor attached to the thermal print head shown in 
FIG.1; 

FIG. 3 is a block diagram of a thermal printer ac- 
cording to an embodiment of the present inven- 
tion; 

FIG.4 is a view of a strobe signal generated in the 
strobe signal generator shown in FIG.3; 
FIG.5 is a block diagram of a thermal printer ac- 
cording to another embodiment of the present in- 
vention; 

FIG. 6 shows the common drop and temperature 
correcting ROM shown in FIG.5; and 
FIG. 7 is a view of a strobe signal generated in the 
strobe signal generator shown in FIG.5. 

Detailed Description of the Invention 

A thermal printer according to the present inven- 
tion as shown in FIG.3 is constituted by a frame mem- 
ory 110 for storing the input image signal in frame 
units, a line memory,,120 for storing the output from 
the frame memory 110 in line units, a TPH controlling 
unit 130 for gradation-comparing the image data from 
line memory 120 with a preset gradation value, a TPH 
140, and a correcting unit 150 for correcting common 
drop and temperature variations by apportioning to a 



common-drop-correction heating period and a tem- 
perature-conrection heating period according to the 
ambient temperature and a heat accumulation phe- 
nomenon, among the TPH heating period in accor- 

5 dance with the number of dots which are simultane- 
ously heated according to gradation. 

In another embodiment of the present invention, 
as shown in FIG.5, the configuration of frame mem- 
ory 210, line memory 220, TPH controlling unit 230 

10 and TPH 240 are the same as those of the above first 
embodiment. Here, however, the correcting unit 250 
corrects common drop and temperature by varying 
the heating period using a single common drop and 
temperature correcting ROM 255. 

15 Now, the operation of each embodiment of the 
present Invention will be described. 

In FIG.3, since the operations of frame memory 
110, line memory 120, TPH controlling unit 130 and 
TPH 140 are the same as those of the corresponding 

20 elements shown in FIG.1, the description thereof is 
omitted herein. The description of the operation of 
correcting unit 150 will be accomplished largely with 
reference to FIG.4. 

Referring to FIG.3, one line of data read from 

25 frame memory 110 is transmitted to line memory 120 
and at the same time to the address terminal <ADDR) 
of a dot number computing memory 152 through a 
first selection contact point al of a controlling switch 
151. Here, dot number computing memory 152 is 

30 used for computing the dot number simultaneously 
heated according to gradation. 

The addresses corresponding to the number of 
gradation level are designated to dot number comput- 
ing memory 152. Whenever the address is designat- 

35 ed, the data is written in the designated address by a 
write enable signal output from a dot number comput- 
ing controller 153. Here, dot number computing con- 
troller 153 is used for controlling the computation of 
the dot number simultaneously heated according to 

40 gradation. 

For example, assuming that the image data is 
composed of eight bits and one line dots thereof total 
1 ,000, if one line of data is composed of 100 samples 
of gradation 1 data, 50 samples of gradation 5 data 

45 and 850 samples of gradation 235 data. then, data 
values of 100. 50 and 850 are stored in addresses 1 . 
5 and 235 of dot number computing memory 152, re- 
spectively, and the data value of 0 is stored in all the 
remaining addresses because there is no conre- 

50 spending data therein. 

In other words, dot number computing controller 
1 53 computes how many data values among one line 
of data are input by the respective gradations and 
then computes the number of dots simultaneously 

55 heated according to gradation. 

The detailed explanation thereof is as follows. 
All data stored in the addresses 1 through 255 are 
summed and written in the address 1 of dot number 
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computing memory 152. Thereafter, all data stored in 
addresses 2 through 255 are summed and written in 
address 2, and likewise continuing throughout each 
address. Then, all data stored in addresses 254 
through 255 are summed and written in address 254« 
with the last data value remaining in the address 255 
without any summation operation occurring. 

In the above-described manner, the number of si- 
multaneous heated-by-gradation dots is computed. 
This is due to the printing being performed by grada- 
tions. If gradation 1 is printed, the value of a gradation 
counter 133 becomes "1" and the data of gradations 

1 and greater 25 (the data between gradation 1 and 
gradation 255) among one line of data are all output 
as "high" (signifying heat emission) in a comparator 
134. If gradation 2 is printed, the value of gradation 
counter 133 becomes "2" and the data of gradations 

2 and greater (the data between gradation 2 and gra- 
dation 255) are thermally printed. If gradation 254 is 
to be printed, the value of gradation counter 133 be- 
comes "254" and the data of gradations 254 and 
greater (the data of gradations 254 and 255) are ther- 
mally printed. Thereafter, the data corresponding to 
gradation 255 is thermally printed to thereby complete 
the printing of one line of data. 

Meanwhile, when one line image data is read 
from line memory 120 and printing by gradation is 
performed, the gradation data which is generated in 
gradation counter 133 as controlling switch 151 is 
connected to a second selection contact point bl, is in- 
put as the address signal of dot number computing 
memory 1 52, and the data stored in the address of dot 
number computing memory 152 by the above dot- 
number-computing process is read out. 

Since the number of simultaneous heated-by- 
gradation dots is stored in dot number computing 
memory 1 52, the data corrected from a common drop 
correcting ROM 154 is transmitted to a strobe signal 
generator 158 through adder 157 by accessing the 
address corresponding to the simultaneous heated- 
by-gradation dots. 

Strobe signal generator 158 transmits the varied 
strobe signal by varying the pulse width of the strobe 
signal depending on the data output from common 
drop correcting ROM 154 and controls the heating 
period of the TPH 140. 

The applied energy to the TPH 140 varies de- 
pending on the pulse width of the strobe signal. For 
example, the longer the pulse width of the strobe sig- 
nal is, the more energy is applied. Accordingly, the 
greater the number of the simultan ous heated-by- 
gradation dots, the longer the pulse width of the 
strobe signal becornes, thereby correcting the de- 
cline in energy due to a common drop. 

The temperature correction of the TPH 140 is 
performed as follows. The present temperature is de- 
tected from the thermistor (not shown) installed on 
the back side of heat element substrate of TPH 140 



and is converted into digital data in an analog-to-dig- 
ital converter 1 55 to be sent to temperature correcting 
ROM 156. A temperature correcting ROM 156 con- 
verts the data appropriately so as to correct the tem- 
5 perature optimally according to the input temperature 
data. 

The adder 157 transmits the result of adding the 
data corrected by common drop correcting ROM 154 
and temperature correcting ROM 1 56 to strobe signal 

10 generator 158 and varies the pulse width of the strobe 
signal to perform the common drop and temperature 
correctk)n at the same time and in accordance with 
the pulse width of the varied strobe signal. 

The pulse width of the strobe signal is in propor- 

15 tion to the data value input to strobe signal generator 
158. in other words, the greater the data value be- 
comes, the longer the pulse width of the strobe signal 
becomes. Also, the applied energy to the TPH 140 in- 
creases in proportion to the pulse width of the strobe 

20 signal. 

As shown in FIG. 4, A^ represents the pulse width 
for the common drop correction in consideration of 
the number of the simultaneous heated-by-gradation 
dots when gradation 1 is printed, A^ represents the 

25 pulse width for the common drop correction when gra- 
dation 2 is printed, and A^ss represents the pulse 
width for the common drop correction when gradation 
255 is printed. Also, represents the pulse width for 
the temperature correction when gradation 1 is print- 

30 ed, represents the pulse width for the temperature 
correction when gradation 2 is printed, and B^ss rep- 
resents the pulse width for the temperature correc- 
tion when gradation 255 is printed. 

Here, the pulse width, through B^ss for the 

35 temperature correction, may have the same pulse 
width of that when one tine of data is printed. 

The maximum and minimum values for the pulse 
width of the strobe signal are determined according 
to the system characteristics of the thermal printer. 

40 Here, it is extremely important to set the data value 
input to the strobe signal generators 158 so as not to 
deviate from the maximum and minimum values of 
the pulse width of the strobe signal in any sublima- 
tion-type thermal printer, because the pulse width of 

45 the strobe signal is a factor of the applied energy to 
TPH 140 (see above equation). With respect to the 
TPH applied energy specifications established so as 
to obtain a system*s optimal picture quality, if these 
specifications are exceeded or not yet reached, the 

50 optimal picture quality may not be obtained and the 
TPH itself may also be damaged. 

In consideration of the maximum and minimum 
values of the pulse width of the strobe signal, the data 
value input to strobe signal generator 158 should be 

55 set within a predetermin d range not deviating from 
th maximum and minimum values so as to perform 
ah optimal common drop and temperature correction. 
That is, the output value of the temperature cor- 
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reeling ROM 156 for a temperature correction is set 
so as to output the maximum value when the TPH 
temperature set by the system is the lower limit value, 
because the higher the temperature becomes, the 
higher the printing density becomes. Accordingly, in 
order to compensate the state, the higher the TPH 
temperature becomes, the less energy should be ap- 
plied. Then, the greater the number of simultaneous 
heated-by-gradation dots is, the lower the voltage ap- 
plied to TPH 140 via common drop correcting ROM 
154, adder 157 and strobe signal generator 158 be- 
comes. Accordingly, the printing density is reduced. 

The data value regarding the temperature correc- 
tion and the data value regarding the common drop 
correction, set as described above, should be set so 
that the added value of the respective maximum val- 
ues thereof is at most the maximum value of the pulse 
width of the strobe signal set by the system. Con- 
versely, the added value of the respective minimum 
values thereof is at least the minimum value of the 
pulse width of the strobe signal set by the system. 

FIG.5 is a block diagram of the thermal printer ac- 
cording to another embodiment of the present inven- 
tion. The description will be made mainly regarding a 
correcting unit 250, which is different from the corre- 
sponding portion of FIG.3. The remaining parts of 
FIG. 5 are substantially the same as those of FIG. 3 
and, so need no further explanation. 

Referring to FIG.5, the common drop correcting 
ROM 154 and the temperature conrecting ROM 156 
shown in FIG.3 are not separately provided, nor is the 
adder 157 adopted. However, in order to obtain the 
same result as that of FIG.3, only one ROM can be 
used by programming so that the respective common 
drop data and temperature correction data are added 
in a common drop and temperature correcting ROM 
255. 

In other words, as shown in FIG.6, the data hav- 
ing a different pulse width of the strobe signal accord- 
ing to the number of the simultaneous heated- by-gra- 
dation dots output from a dot number computing 
memory 252 and the present TPH temperature output 
from an analog-to-digital converter 254 is stored in 
the common drop and temperature 20 correcting 
ROM 255. 

A strobe signal generator 256 generates a strobe 
signal having the corresponding pulse width accord- 
ing to the correction data output from common drop 
and temperature correcting ROM 255. 

The pulse width of the strobe signal shown in 
FIG.7. Here, represents the pulse width of the cor- 
rection data output from common drop and tempera- 
ture correcting ROM 255 when gradation 1 1s printed, 
02 represents the pulse width of the correction data 
output from the common drop and temperature cor- 
recting ROM 255 when gradation 2 Is printed, and 
C255 represents the pulse width of the correction data 
output from common drop and temperature conrect- 



ing ROM 255 when gradation 255 is printed. 

As described above, the thermal printer and 
method using the same according to the present in- 
vention improves picture quality by compensating the 
5 picture quality deterioration due to the common drop 
and temperature characteristics of a TPH, by using 
varied heating periods of the TPH. 

Also, the thermal printer and method using the 
same according to the present invention can reduce 
10 the volume of hardware, by correcting TPH tempera- 
ture by adjusting the heating period of a thermal print 
head as in common drop correction, without using the 
SMPS voltage variation, because neither a control 
circuit for varying voltage depending on the tempora- 
ls ture data input to the internal SMPS of a power source 
unit nor a connector for transmitting temperature data 
are required. 

The reader's attention is directed to all papers 
and documents which are filed concurrently with or 
20 previous to this specification in connection with this 
application and which are open to public inspection 
with this specification, and the contents of all such 
papers and documents are incorporated herein by 
reference. 

25 All of the features disclosed in this specification 
(Including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or 
process so disclosed, may be combined in any com- 
bination, except combinations where at least some of 

30 such features and/or steps are mutually exclusive. 

Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serv- 
ing the same, equivalent or similar purpose, unless 

35 expressly stated otherwise. Thus, unless expressly 
stated otherwise, each feature disclosed is one ex- 
ample only of a generic series of equivalent or similar 
features. 

The invention Is not restricted to the details of the 
40 foregoing embodiment(s). The invention extends to 
any novel one, or any novel combination, of the fea- 
tures disclosed in this specification (including any ac- 
companying claims, abstract and drawings), or to any 
novel one, or any novel combination, of the steps of 
45 any method or process so disclosed. 



Claims 

so 1 A thermal printer wherein printing is perfonmed 

by a thermal print head (TPH) after an image data 
gradation value is compared with a preset gradation 
value in line units, said thermal printer comprising: 
first detecting means (152, 252) for detecting the 

55 number of dots which are simultaneously heated ac- 
cording to gradation, by receiving said image data in 
line units; 

second detecting means for detecting the tempera- 
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ture of said TPH; and 

correcting means (150, 250) for controlling said TPH 
to emit heat with a substantially constant energy ac- 
cording to gradation, by varying a heating period ac- 
cording to the simultaneous heated-by-gradation dot 
number detected from said first detecting means 
(152, 252) and the temperature of said TPH detected 
from said second detecting means (152, 252). 

2 A thenmal printer comprising means for receiv- 
ing an image signal, and a print control circuit for print- 
ing by a thermal print head (TPH) after the gradation 
values of the received image signals are compared 
with a preset gradation value in line units, wherein 
said print control circuit comprises: 

a line memory (120) in which the received image sig- 
nals are stored in tine units; 

a TPH controlling unit (130) for transmitting the gra- 
dation-compared image signals to said TPH as heat- 
ing data after the gradation values of said image sig- 
nals stored in said line memory (120) are compared 
with a preset gradation value; 

first correcting means (152, 153, 154) for outputting 
a first strobe signal which controls a heating period 
of said TPH depending on the detected number of 
dots which are simultaneously heated according to 
gradation, by detecting the number of simultaneous 
heated-by- gradation dots by receiving said data in 
line units; 

second correcting means (155, 156) for outputting a 
second strobe signal which controls a heating period 
of said TPH depending on the detected temperature, 
by detecting the temperature of said TPH; 
adding means (157) for adding said first strobe signal 
output from said first correcting means (152, 153, 
154) to said second strobe signal output from said 
second correcting means (155, 156); and 
heating time controlling means (158) for outputting to 
said TPH a strobe signal whose pulse width is varied 
by varying the pulse width of said strobe signal de- 
pending on the sum data of said adding means (157). 

3 A thermal printer as claimed in Claim 2, wherein 
said image signal receiving means comprises a proc- 
essing circuit for converting the image signals input 
from a signal input source into red, green and blue sig- 
nals, and an image display circuit for displaying the 
signals processed in said image signal processing cir- 
cuit 

4 A thermal printer as claimed in claim 2 or claim 
3, wherein said heating time controlling means (158) 
generates a strobe signal whose pulse width is varied 
by summation of each heating pulse width depending 
on the number of simultaneous heated-by-gradation 
dots and the temperature, and then outputs th resul- 
tant signal to said TPH. 

5 A thermal printer as claimed in any one of 
claims 2 to 4, wherein said heating pulse width of said 
strobe signal is set so as not to deviate from the mini- 
mum and maximum values of the pulse width of the 



strobe signal applied to said TPH, which are preset by 
the thermal printer. 

6 A thermal printer as claimed in any one of 
claims 2 to 5, wherein said first correcting means 

5 (152, 153, 154) comprises: 

a dot number computing memory (152) in which the 
computed value of the number of dots which are si- 
multaneously heated according to gradation is stored, 
by receiving one line of image data; 

10 a dot number computing controller (153) for control- 
ling the sum data so as to be stored in the respective 
gradation addresses of said dot number computing 
memory (1 52), by summing the values of said one line 
image data and the values of all the gradations not ex- 

15 ceeding the gradation corresponding thereto; and 
a common drop correcting ROM (154) in which the 
data value of a first strobe signal is stored such that 
the pulse width becomes longer If the number of si- 
multaneous heated-by-gradation dots output from 

20 said dot number computing memory (152) is greater 
than a reference value, and becomes shorter if the 
number of simultaneous heated-by-gradation dots 
output from said dot number computing memory 
(152) is less than the reference value. 

25 7 A thermal printer as claimed in any one of 

claims 2 to 6, wherein said second correcting means 
(155, 156) comprises: 

a temperature sensor installed on the backside of th 
heating element substrate of said TPH; 
30 an analog-to-dig ital converter (1 55) for converting th 
temperature output from said temperature sensor 
into a digital signal; and 

a temperature correcting ROM (1 56) in which the data 
value of a second strobe signal responsive to the 

36 present detected temperature data output from said 
analog-to-digital converter (155) is stored. 

8 A thermal printer comprising means for receiv- 
ing an image signal, and a print control circuit for print- 
ing by a thermal print head (TPH) after the gradation 

40 values of the received image signals are compared 
with a preset gradation value in line units, wherein 
said print control circuit comprises: 
a line memory (220) in which the received image sig- 
nals are stored in line units; 

45 a TPH controlling unit (230) for transmitting the gra- 
dation-compared image signals to said TPH as heat- 
ing data after the gradation values of said image sig- 
nals stored in said line memory (220) are compared 
with a preset gradation value; 

50 first detecting means (252, 253) for detecting the 
number of dots which are simultaneously heated ac- 
cording to gradation, by receiving said one line image 
data; 

second detecting means (254) for detecting the tem- 
55 perature of said TPH; 

a corrvnon drop and temperature correcting memory 
(255) in which a strobe data which controls heating 
time according to the data output from said first and 
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second detecting nneans is stored; and 
heating time controlling means (256) for controlling 
heating time according to the strobe data output from 
said common drop and temperature correcting mem- 
ory (255). 

9 A thermal printer as claimed in Claim 8, wherein 
said image signal receiving means comprises a proc- 
essing circuit for converting the image signals input 
from a signal input source to red. green and blue sig- 
nals, an image display circuit for displaying the sig- 
nals processed in said image signal processing cir- 
cuiL 

10 A thermal printer as claimed in daim 8 or daim 
9, wherein said heating time controlling means (256) 
generates a strobe signal by summation of each pulse 
width depending on the number of the simultaneous 
heated-by-gradation dots and a pulse width regarding 
temperature, stored in said memory (255), and then 
outputs the resultant signal to said TPH. 

11 A thermal printer as claimed in any one of 
claims 8 to 10, wherein said first detecting means 
(252, 253) comprises: 

a dot number computing memory (252) in which the 
computed value of the number of dots which are si- 
multaneously heated according to gradation is stored, 
by receiving one line image data; and 
a dot number computing controller (253) for control- 
ling the sum data so as to be stored in the respective 
gradation addresses of said dot number computing 
memory (252), by summing the values of said one line 
image data and the values of all the gradations not ex- 
ceeding the gradation corresponding thereto. 

12 A thermal printer as daimed in any one of 
claims 8 to 11, wherein said second detecting means 
(254) comprises: 

a temperature sensor installed on the back side of the 
heating element substrate of said TPH; and 
an analog-to-digital converter (254) for converting the 
temperature output from said temperature sensor 
into a digital signal. 

13 A method for printing by a thermal print head 
(TPH). comprising the steps of: 

firstly storing image data in screen units; 
secondly storing data in line units by reading the data 
stored in said first storing step; 
firstly detecting the number of dots which are simul- 
taneously heated according to gradation, by receiving 
the data stored in said second storing step, in line 
units; 

secondly detecting the temperature of said TPH; 
generating a strobe signal for controlling said TPH to 
emit heat with a substantially constant energy accord- 
ing to gradation, by varying the pulse width of the 
strobe signal according to the simultaneous heated- 
by- gradation dot number detected in said first detect- 
ing step and said TPH temperature detected in said 
second detecting step; and 
controlling said TPH to print for the period of the pulse 



width of the strobe signal generated in said strobe 
signal generating step after the gradation value of 
one line image data stored in said second storing step 
is compared with a preset gradation value, in line 
5 units. 
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@ Thermal printer and printing method thereof. 

@) The Invention provides a thermal printer 
which includes a dot number computing mem- 
ory (152, 252) for detecting the number of dots 
which are simultaneously heated according to 
gradation by receiving image data in line units, 
a dot number computing controller (153, 253), a 
themiistor for detecting the temperature of a 
thennal print head (TPH), and a connector (154, 
156, 255) for controlling the TPH to emit heat by 
gradation with a substantially constant energy 
by varying the pulse width of a strobe signal 
depending on the detected number of simul- 
taneous heated-by-c|radation dots and tempera- 
ture of the thennal print head (TPH), and a 
printing method thereof. Picture quality is im- 
proved by compensating a picture quality de- 
terioration due to the TPH common drop and a 
temperature characteristic, by varying a heating 
period of the TPH. 
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